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Scopulariopsis brevicaulis. The enzyme was homogenous, as seen by a single band of protein, and
had an apparent molecular weight of 28.5 kDa. Amino acid proﬁle of the puriﬁed keratinase
revealed that it was composed of 14 different amino acids with high proportions of glutamic acid
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hydrolyze different keratinaceous materials with highest activity on chicken feathers followed by
human nails and human hair.
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lsevier1. Introduction
Keratin, is insoluble structural protein, forms mammalian out-
er tissues such as hair, wool, nails, horn as well as birds and
chicken feathers (Friedrich et al., 1999). Feathers are produced
in large amounts as a worldwide waste byproduct by poultry
farming, reaching millions of tons per year. Keratinases are
speciﬁc class of proteolytic enzymes that catalyze the hydroly-
sis of keratins. Keratinases have an ecological importance pro-
tecting the environment from feather wastes pollution and play
a crucial role in degradation of such wastes in a place like Keo-
lado National Park, Bharatpur, India. Such materials can pro-
vide a breeding spot for various types of pathogens (Singh,
1999).
Keratinases are produced by different microorganisms like
bacteria (Bernal et al., 2006; Riffel et al., 2007; Radha and
118 E.F. Sharaf, N.M. KhalilGunasekaran 2008, 2009) fungi (Farag and Hassan, 2004;
Anbu et al., 2005, 2007, 2008) and actinomycetes (Syed et
al., 2009; Xie et al., 2010). Several studies were focused on pro-
duction, puriﬁcation, molecular weight and keratinolytic abil-
ity of keratinases towards different keratinaceous substrates.
The puriﬁed keratinase from feather-degrading bacterium par-
tially hydrolyzed feathers and converted them into a digestible
feed protein (Shih and Wang, 2006). The puriﬁed keratinase of
Clostridium sporogenes bv. pennavorans bv. nov. was a mono-
mer of 28.7 kDa molecular mass and can act on a large variety
of soluble and insoluble protein substrates (Ionata et al., 2008).
On the other hand, the puriﬁed keratinase of the fungus Scop-
ulariopsis brevicaulis was a monomeric protein with molecular
masses of 39 and 36 kDa by SDS–PAGE and gel ﬁltration,
respectively and was examined for its potential on de-hairing
the skin (Anbu et al., 2005). Similar results were obtained with
puriﬁed keratinase from Microsporum canis with a molecular
mass of 31.5 kDa and high afﬁnity and efﬁciency towards
the synthetic substrate N-Suc-Ala-Ala-Pro-Phe-P-nitroanilide
(Mignon et al., 1998).
Many workers have provided an insight into the amino acid
components of keratinase. Hamaguchi et al. (2000) isolated the
extracellular keratinase of 31.5 kDa polypeptides from M. ca-
nis which had a high aspartic acid, glycine and alanine content.
The aim of the present work is to assess the purity and
molecular weight of the previously puriﬁed alkaline keratinase
using gel electrophoresis (SDS–PAGE). Amino acid proﬁle of
the puriﬁed keratinase is also taken into consideration. The
potentiality of the puriﬁed enzyme to hydrolyze different ker-
atinaceous materials has been tested.2. Materials and methods
2.1. Microorganism and enzyme production
The extracellular alkaline keratinase of S. brevicaulis, isolated
from Egyptian black sand, previously produced under opti-
mized cultural conditions containing feather keratin powder
as a carbon source, was puriﬁed and characterized (Salama
et al., 2005).
2.2. Estimation of the molecular weight of the puriﬁed keratinase
Sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS–PAGE) was used for estimation of the protein purity
and molecular weight of the puriﬁed keratinase. SDS–PAGE
was performed in Agricultural Genetic Engineering Research
Institute (AGERI), Agricultural Research Center, Egypt.
The Laemmli SDS–PAGE discontinuous system with homog-
enous 10% gel was adopted (Laemmli, 1970). A Mo Bi Tee
protein marker was used which included galactosidase,
116.0 kDa; phosphorylase b, 97.4 kDa; bovine serum albumin,
66.2 kDa; alcohol dehydrogenase, 37.6 kDa; carbonic anhy-
drase, 28.5 kDa and myoglobin, 18.4 kDa.
2.3. Amino acid proﬁle of S. brevicaulis puriﬁed keratinase
Hydrolysis of enzyme protein sample was carried out accord-
ing to the method of Block et al. (1955). One milligram of
the sample was transferred into a sealed tube containing 1 ml
of 6 N HCl. The hydrolysis was carried out for a period of18–24 h at 110 C. At the end of hydrolysis, hydrochloric acid
was removed by evaporation under vacuum with occasional
addition of distilled water. After complete removal of HCl,
the sample was allowed to dry. The enzyme sample was ana-
lyzed by amino acid analyzer (LC 3000) at conditions of ﬂow
rate: 0.2 ml/min, pressure of buffer from 0 to 50 bars, pressure
of the reagent from 0 to 150 bars and the reaction temperature
at 123 C.
2.4. Preparation of native keratinaceous materials
The method of Friedrich et al. (1999) was adopted. Native
chicken feathers, human nails and human hair were cut to
small pieces, then washed several times with water, and defat-
ted by soaking for 4 days in chloroform–methanol (1:1 v/v).
The solvent was changed once a day. The keratinaceous sub-
strates were washed with water, dried for 3 days at 50 C
and ground. The powder was sifted through a 0.5 mm screen,
prior to use as a source for powdered keratin.
2.5. Keratinolytic activity of the puriﬁed keratinase on native
keratinaceous materials
The keratinolytic activity of the puriﬁed enzyme on the previ-
ously prepared native powders of chicken feathers, human
nails and human hair was determined by the method of Fried-
rich et al. (1999). The puriﬁed enzyme concentration was incu-
bated with the test substrate (4 mg/ml reaction mixture) at
57 C for 1 h .The reaction was stopped by adding 2 ml of
10% trichloroacetic acid (TCA) and the samples were put in
the refrigerator at 4 C for 30 min. The reaction mixture was
then centrifuged at 9000 rpm for 20 min in a cooling centrifuge
(Hettich Zentrifugen, Universal 16/16 R). The absorption of
the supernatant ﬂuid was measured spectrophotometrically
at 280 nm (Perkin–Elmer, Hitachi 200). Blanks were prepared
in the same way except for the addition of TCA before the en-
zyme reaction. An increase of 0.1 in absorbency was taken to
indicate one unit of enzyme activity. The obtained data repre-
sent the mean values of three determinations.
2.6. Statistical analysis
The least signiﬁcant difference (LSD) was determined by Dun-
can method (Christensen, 1996). Standard Error (SE) bars
which indicated variability were included (Fig. 2). The SPSS
12.0 software was used for such estimations.3. Results and discussion
The Sodium dodecyl sulfate–polyacrylamide gel electrophore-
sis (SDS–PAGE) of the puriﬁed alkaline keratinase of S. brev-
icaulis revealed that the enzyme is homogenous, as seen by a
single band of protein (Lane 2), compared with the crude ker-
atinase extract before puriﬁcation (Lane 3). The apparent
molecular weight of the puriﬁed enzyme was 28.5 kDa
(Fig. 1). SDS–PAGE is an excellent method for rapidly assess-
ing the purity and molecular weight of proteins (Roe, 2001).
It is worthy to mention that, different molecular weights of
extracellular keratinases could be detected for different isolates
of the same fungal species. For example, the puriﬁed keratin-
ase of aS. brevicaulis isolate was homogenous showing a single
Figure 2 Amino acid composition of the puriﬁed keratinase of
Scopulariopsis brevicaulis. Bars show means. Error bars show
mean ± SE.
Table 1 Amino acid composition of the puriﬁed keratinase of
Scopulariopsis brevicaulis.
Amino acids Relative
concentration (%)
Aspartic acid 1.06
Threonine 5.58
Serine 7.81
Glutamic acid 20.86
Glycine 14.21
Alanine 14.52
Valine 6.01
Isoleucine 3.05
Leucine 8.59
Tyrosine 3.05
Phenylalanine 5.22
Histidine 3.05
Lysine 3.05
Arginine 2.43
MW (kDa)    1            2               3
116.0 _
97.4 -
66.2-
37.62 -
28.5 -
18.4 -
Figure 1 SDS–polyacrylamide gel electrophoresis of Scopulari-
opsis brevicaulis keratinase. Lane 1: The marker proteins. Lane 2:
Puriﬁed keratinase. Lane 3: Crude keratinase extract (before
puriﬁcation).
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39 kDa (Anbu et al., 2005). On the other hand, SDS–PAGE
of two puriﬁed extracellular keratinases (KI and KII) from an-
other isolate of the same fungus produced only one band each,
suggesting homogeneity. Estimated molecular weights were
45–50 kDa and 24–29 kDa for KI and KII, respectively (Mal-
viya et al., 1992). The puriﬁed enzyme is similar to the molec-
ular weight of the enzymes from Trichophyton mentagrophytes– 28–65 kDa (Siesenop and Bohm, 1995) andM. canis – 31.5–
43.5 kDa (Descamps et al., 2002 and Brouta et al., 2001).
These results are in accordance with the ﬁndings of Onifade
et al. (1998) and Ionata et al. (2008) with C. sporogenes bv
pennavorans and Radha and Gunasekaran (2009) with Bacillus
megaterium and Pichia pastoris. A similar result of the molec-
ular weight of the puriﬁed enzyme has been observed also for
microorganisms in a medium containing different native kerat-
inaceous materials (Anbu et al., 2008; Tatineni et al., 2008; Xie
et al., 2010).
However, other microbial puriﬁed keratinases have an
apparent higher molecular weights like that of Chryseobacteri-
um sp. kr6 strain which was a monomeric protein with approx-
imately 64 kDa (Riffel et al., 2007) while that from a feather-
degrading culture of Aspergillus oryzae was monomeric with
a molecular mass of 60 kDa (Farag and Hassan, 2004). An
extraordinary keratinase from Kocuria rosea showed a molec-
ular weight of 240 kDa (Bernal et al., 2006).
Amino acid analysis of the present puriﬁed keratinase from
S. brevicaulis showed that it is composed of 14 different amino
acids (Table 1 and Fig. 2). The enzyme contained high propor-
tions of glutamic acid (20.86%), alanine (14.52%) and glycine
(14.21%). Leucine (8.59%), serine (7.81 %) and valine (6.01
%) were of moderate amounts. Threonine and phenyl alanine
constituted less than 6%, each. Isoleucine, tyrosine, histidine
and lysine constituted about 3.05%, each. Arginine constituted
2.43% whereas aspartic acid was 1.06%.
In this relation, Farag and Hassan (2004) demonstrated
that the puriﬁed keratinase enzyme of A. oryzae is composed
of 17 different amino acids with high quantities of glycine, glu-
tamic acid and serine as compared with moderate amounts of
aspartic acid, histidine, arginine and lysine. On the other hand,
keratinase of M. canis was recorded to have a high aspartic
acid, glycine and alanine contents (Hamaguchi et al., 2000).
Amazingly, S. brevicaulis alkalophilic puriﬁed keratinase
was able to hydrolyze different keratinaceous materials (Table
2). The enzyme exhibited its highest activity on chicken feath-
ers (82.53 units/ml) that reached about twofold of its activity
on human nails (41.20 units/ml) and human hair (36.17
units/ml). This remarkable activity towards chicken feathers
could be attributed to the fact that the present enzyme was
Table 2 Keratinolytic activity of the puriﬁed Scopulariopsis
brevicaulis keratinase on different keratinaceous substrates.
Keratinaceous substrates Keratinase activity (units/ml)
A
Chiken feather 82.53
B
Human nails 41.20
C
Human hair 36.17
LSD (at 0.01) 0.241
Means followed by different letters are statistically signiﬁcant.
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so it is well adapted to attack it. However, the rate and com-
pleteness of the degradation is, of course, dependent on the
kind of substrate and correspond roughly to its hardness,
viz. cystine content. Human and also dog, horse and cattle
hairs are, therefore, attacked more slowly than rodents, hair,
sheep wool or feather. Nail and horn are little resistant (Kun-
ert, 2000).
In view of other investigators,A. oryzae puriﬁed keratinase
enzyme was able to hydrolyze different substrates showing its
highest proteolytic activity on bovine serum albumin and case-
in followed by keratin, chicken feathers, collagen, duck feath-
ers and sheep wool (Farag and Hassan, 2004). Furthermore,
the puriﬁed keratinase from Kocuria rosea could degrade dif-
ferent keratinaceous substrates but with marked preference
for feathers (Bernal et al., 2006). In the level of production
of biotechnological enzymes, Friedrich et al. (2005) reported
that a keratinase, produced by Doratomyces microsporus, was
used to degrade porcine skin epidermis in vitro. The Chryseo-
bacterium sp. kr6 keratinase has been described as a highly ker-
atinolytic enzyme showing effective feather-degrading and de-
hairing activities (Riffel et al.,2007).
4. Conclusion
From the above discussion, it could be suggested that the
applicable importance of the present alkalophilic keratinase
in ecologically-friendly break down and recycling of feather
wastes in poultry may help in reduction of some environmental
pollution problems. Biodegradation of environmental wastes is
preferred because it is safe, cheap and away from pollution
hazards.
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